We report for the first time the presence of cluster crystals of calcium oxalate within the glandular trichomes and oil bodies in the mesophyll for Baccharis species. Moreover, the comparative leaf anatomy and micro-morphology of six species of Baccharis, namely B. illinita, B. microdonta, B. pauciflosculosa, B. punctulata, B. reticularioides, and B. sphenophylla is investigated by light and scanning electron microscopy. The studied species exhibited differences in their leaf anatomical features such as the morphology of the cuticle, type and occurrence of the stomata, presence or absence of glandular trichomes, shape of the flagelliform trichomes, and the arrangement of the mesophyll tissues. These differences can be helpful in the species identification and classification and could represent informative characters for the reconstruction of the evolution of the genus.
present study. Previous studies show that B. illinita has protective actions against gastric lesions of the mucosa, ability to reduce gastric acid secretion (Baggio et al., 2008) , and possess antinociceptive (Freitas et al., 2009 ) and antioxidant activities (Brighente, Dias, Verdi, & Pizzolatti, 2007) .
Baccharis microdonta has showed antibacterial activity against Salmonella typhi (Perez & Anesini, 1994) and anti-inflammatory activities (Soares et al., 2012) . Its volatile oil has a high concentration (49.91%) of oxygenated sesquiterpenes (Lago et al., 2008) . Baccharis pauciflosculosa has showed antimicrobial activities (Perez & Anesini, 1993 , 1994 . It has been reported that B. punctulata contains bicyclogermacrene, ciscadin-4-en-ol and (Z)-ocimene as the main components of the volatile oil (Schossler et al., 2009) . There is no pharmacobotanical, pharmacological or chemical characterization studies available for B. reticularioides and B. sphenophylla.
Considering the confusions in the identification of different species
of Baccharis due to their morphological similarities, the present research was aimed to examine and compare the leaf anatomy of six sympatric Baccharis species. The findings of the study can be used for species identification as well as quality control of herbal products. 
| M A TE RI A L A ND M E TH ODS

| Plant material
| Preparation of samples for light microscopy
The leaves were fixed in FAA 70 (formalin-acetic acid-alcohol) for 5 days and washed in distilled water. Free-hand sections were prepared using razor blades. The sections were hydrated and stained with toluidine blue (O'Brien, Feder, & McCully, 1964) . The sections were then mounted on glass slides in a drop of 50% glycerin.
For the analysis of leaf epidermal features, the leaf specimens were cleared by dipping them in sodium hypochlorite solution (household bleach) until translucent. The samples were then washed with water and stained with safranin. Photomicrographs were prepared using Nikon E600 microscope equipped with Nikon DSFiv camera systems and Nikon Elements imaging software (Nikon Inc., Tokyo, Japan).
Fluorescent microscope (Nikon E600) was used to study the fluorescent components such as oil bodies. Birefringent elements such as calcium oxalate crystals were observed using a polarized microscope (Nikon E600 POL). Both microscopes were equipped with Nikon DSFiv camera systems and Nikon Elements imaging software (Nikon Inc., Tokyo, Japan).
| Histochemical analyses
Paradermal and cross-sections of fixed leaf materials were prepared using razor blades. The main classes of the secondary metabolites were investigated using the following histochemical tests: phloroglucinol/ HCl to identify lignified tissues (Sass, 1951) ; sudan III for testing the presence of lipophilic compounds (Foster, 1949) ; 2% solution (w/v) of ferric chloride to demonstrate phenols (Johansen, 1940) ; and 1% iodine solution to test for starch (Berlyn & Miksche, 1976) .
| Scanning electron microscopy (SEM)
For SEM analysis, samples fixed in FAA were passed through a series of ethanol solutions of increasing concentration (80%, 90%, and 100%).
The dehydrated samples were then dried in a Leica EM CPD300 critical point drier (Leica Microsystems, Wetzlar, Germany) using liquid CO 2 .
The fully dried samples were mounted on aluminum stubs with doublesided adhesive tapes and then coated with gold using a Hummer 6.2 sputter coater (Anatech USA, Union City, CA) supplied with argon gas.
Photomicrographs of the specimens were prepared using a JSM-5600 SEM (JEOL Ltd., Tokyo, Japan) at the University of Mississippi.
| Micromeasurements
Quantitative studies of stomata were performed by taking 20 measurements from multiple leaf specimens. Stomatal index (SI) was calculated using the following formula wherein S 5 number of stomata per unit area, and E 5 number of epidermal cells (including trichomes) in the same unit area.
The length and width of stomata were measured from 20 stomata at different locations on the leaf blade for each species to determine the average stomatal size. Stomata types were recognized based on the work by Van Cotthen (1970) .
| RE SUL TS A ND D I SCUSSION
In the present work, the key features of morpho-anatomies of six species of Baccharis are investigated and compared. The main characteristics that support the differentiation are summarized in Table 1 . In
Baccharis species, the leaves usually have straight to slightly wavy anticlinal epidermal cell walls (Freire et al., 2007) . However, sinuous anticlinal walls were reported for B. anomala DC. (Budel & Duarte, 2008a) , B.
decussata (Klatt) Hieron. and B. pentlandii DC. (Freire et al., 2007) all of them belonging to Baccharis subgen. Molina (Pers.) Heering (Heiden, 2014) . In the present study, the anticlinal cell walls are observed to be straight on both leaf epidermises ( Figure 1a -f,i-l) in all the other species investigated that belongs to B. subgen. Baccharis, except to B. Mesophyll (with number of palisade/spongy/palisade layers)
Oil droplets in the mesophyll cells In Baccharis species, the cuticle on the leaf epidermal surfaces is usually striated (Jasinski et al., 2014; Bobek et al., 2015 Bobek et al., , 2016 . leaves are frequent in Baccharis (Bobek et al., 2015 (Bobek et al., , 2016 Jasinski et al., 2014) . However, hypostomatic leaves were also reported for B.
anomala (Budel & Duarte, 2008a) , B. uncinella DC. (Budel & Duarte, 2008b) , B. singularis (Vell.) G.M.Barroso (Souza et al., 2011) , B. ochracea Spreng. (Barreto et al., 2015) , and B. erioclada DC. (Bobek et al., 2015) .
Quantitative microscopic features are useful not only for identifying different species in a genus, but also for determination of authenticity of the plant (Sheikh et al., 2016) . Rodriguez, Gattuso, and Gattuso (2013) have affirmed that the stomatal size and stomatal index can contribute to differentiate different Baccharis species. Freire et al. (2007) have found that a majority of Baccharis species had stomata between 20 and 60 mm long and that B. illinita can readily be distinguished from the others due to its larger stomata size (75-105 mm long), conforming to the results of the present study.
Micro-measurements of stomata (Table 1) Flagelliform and biseriate glandular trichomes have been frequently reported in Baccharis (Barreto et al., 2015; Bobek et al., 2015 Bobek et al., , 2016 Budel et al., 2015; Budel and Duarte, 2008a,b; Budel et al., 2012; Freire et al., 2007; Jasinski et al., 2014; Pereira et al., 2014; Rodriguez et al., 2013; Souza et al., 2011; Tischer et al., 2017) .
Biseriate glandular trichomes are evidenced in the present study (Figures 2a, c, n, r and 3c, d, e, f, g, i, w, z, aa, bb) in all species except B.
pauciflosculosa. They consist of two pairs of basal cells and a head with up to four pairs of secretory cells (Figure 3c ). In the histochemical test using sudan III, the presence of the oil content was confirmed ( Figure   3c ,r,w). These trichomes occur singly (Figure 3c In most of the previous papers, flagelliform type trichomes have been considered nonglandular probably due to the morphology of the apical cell, which usually tapered above into a long translucent tube (Barreto et al., 2015; Bobek et al., 2015 Bobek et al., , 2016 Budel & Duarte, 2008a, b; Budel et al., 2015; Pereira et al., 2014; Souza et al., 2011) . Jasinski shows this type of trichome on both surfaces, isolated or in clusters with up to four flagelliform or with biseriate glandular trichomes.
Baccharis reticularioides (Figures 2m and 3u,v,x) shows flagelliform glandular trichomes with straight body on both sides, commonly with biseriate glandular trichomes (devoid of druses) or in cluster with flagelliform and biseriate glandular trichomes; rarely found in solitary. Baccharis sphenophylla (Figures 2q,r and 3y ,bb) also presents the same type on both sides, usually with biseriate glandular trichomes (contain druses) or in cluster with flagelliform and biseriate glandular together (rarely isolated).
Type II flagelliform glandular trichomes with curved (C-shaped) body are found on the abaxial side of B. punctulata, appearing in cluster with similar trichome and with a biseriate glandular trichome between them (Figure 3o,p) . On adaxial side, they can be seen isolated ( Figures   2k and 3t) or with other trichome of the same type. The type and occurrence of the various types of trichomes can help in the identification and differentiation of Baccharis species.
Considering the leaf blade and comparing to the six species in cross-section, the epidermis is one-layered (Figures 3c and 4a- (Figure 4b) , B. microdonta (Figure 4d-f) , B. punctulata (Figure 4k) , B. reticularioides (Figure 4n,o) , and B. sphenophylla ( Figure   4p ,q). Only B. pauciflosculosa does not have this feature (Figure 4g ,h,i).
Oil bodies in the leaf mesophyll have not been previously reported for
Baccharis.
In the present study, oil bodies were detected typically in palisade been demonstrated that the volatile oils that are present in the glandular trichomes and secretory ducts have biological activities (Campos et al., 2016; Florão et al., 2012; Pereira et al., 2017) . According to Pagni and Masini (1999) , in several members of Asteraceae family, the ducts are typically associated to the endodermis, are next to the phloem, and the secretory structures are related with the conducting system. These features are found in all studied Baccharis species.
The midrib in cross-section shows different shapes in the present study. In B. illinita (Figure 5a) and B. reticularioides (Figure 5m ), the midrib is biconvex and forming an ovate shape. Baccharis pauciflosculosa (Figure 5g ) also shows biconvex shape, but with a rounded projection on the adaxial side. Baccharis microdonta (Figure 5d ) have concaveconvex shape, B. sphenophylla (Figure 5p ) is slightly concave-convex, while B. punctulata is almost flat-convex. These characteristics can help in the differentiation of Baccharis species.
The uniseriate epidermis is coated with a layer of striated cuticle that reacted with sudan III (Figure 5i ,o). The chlorenchyma is interrupted and substituted by some layers of angular collenchyma in B. microdonta 
| C ONC LUSI ON
In the present work, a detailed leaf anatomy of six species of Baccharis is presented and compared. Although the basic anatomies of these species are more or less similar, they also show distinctive differences in some features that can be used as markers for species identification.
For example, the leaf epidermal cells in B. punctulata have wavy anticlinal walls while all the other five species have straight walls. This species can also be distinguished from others by its hypostomatic leaves with anomocytic stomata. None of the other five species have this type of stomata. The average stomatal index is very high (15.58) in B.
punctulata whereas it ranges from 4.37 to 8.09 in the other five species. Biseriate glandular trichomes are present in all species except B.
pauciflosculosa. Calcium oxalate druses are found within the biseriate glandular trichomes in B. microdonta, B. punctulata, and B. sphenophylla whereas they are not observed in the other species. The leaves in B.
punctulata are dorsiventral while they are isobilateral in the other five species. Thus, the anatomical and micromorphological features of the leaves can help in the differentiation of Baccharis species included in this study. Similar studies are required for other species to develop a more reliable and complete taxonomic classification of the genus.
